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Abstract
The muscle on your frame is a prime indicator of health and longevity. Dr. Paul 
Terpeluk with the Cleveland Clinic has stated that muscular strength is the new 
vital sign of workplace health and safety. Research studies focusing on Type II 
diabetes, cardiovascular disease, musculo-skeletal injuries, certain cancers and the 
delay of dementia have shown a strong correlation between disease prevention and 
muscular strength. IPCS’ database of over 500,000 strength tests have shown a 
workers’ absolute strength today is at least 14% weaker than the worker 15 years ago 
and weighs about 8 pounds more. Over the last 10 years, there has been a significant 
shift by 52% with an increase in the number of workers with a BMI of 35 or greater. 
The Cleveland Clinic implemented a new hire muscular strength assessment to 
place new hire applicants into jobs that match their physical capability in 2011. The 
outcomes show a statistically significant reduction in number of employee health, 
pharmacy and workers’ compensation claims and costs with overall savings near 
$25 million. Musculo-skeletal health of the worker can be improved. When a worker 
maintains good muscular strength, the worker is more productive, has fewer medical 
claims and workers’ compensation claims.
Keywords: muscle health, muscle strength, musculo-skeletal, disease prevention, 
cost savings
1. Introduction (heading 1 IntechOpen)
Population Health continues to expand especially as new research demonstrates 
ways to better manage a person’s health. One area of interest is the impact muscle 
has on enhancing health and disease prevention [1–12]. A healthy and strong muscle 
mass increases the chance of better managing and preventing certain diseases such 
as Type II diabetes, cardiovascular disease, certain cancers, dementia and hyperten-
sion to name a few [3–5]. A healthy muscle mass also helps in maintaining a healthier 
body weight, the ability to sustain an adequate overall body metabolism with age and 
an enhanced immune system to help fight off various viruses and disease [6, 8, 9]. 
Muscular strength with aging puts individuals at greater risk for sarcopenia (loss of 
muscle) not only for the diseases already mentioned by also for slips, falls, function-
ality and frailty [4, 11–12].
2. Research general (heading 2 IntechOpen)
In 2006, Wolfe discussed the underappreciated role of muscle in health and 
disease [1]. He discussed the importance of future research to include factors 
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related to muscle mass, strength and metabolic syndrome. Wolfe focused on 
the importance of muscle protein and the pool of amino acids in maintaining 
a relatively constant plasma glucose concentration. He also discussed the role 
muscle plays in obesity and Type II diabetes. Argiles and associates in 2016 sup-
ports Wolfe’s research on the importance of muscle regulating protein metabolism 
throughout the body [4]. Both of these studies strongly support maintaining a 
healthy and strong muscle mass throughout one’s lifespan especially to prevent 
sarcopenia and certain diseases. This was further emphasized by Mrowka and 
Westphal in their article on “skeletal muscle in the fight against chronic disease” 
published in 2018 [5]. DeCarvalho and associates showed an inverse relationship 
between skeletal muscle mass adjusted for weight and BMI with metabolic syn-
drome in both males and females [2]. Their study researched 689 adults between 
the ages of 20–59. Mesinovic and associates discussed the connection between 
sarcopenia and Type II diabetes [10]. The loss of muscle alters glucose uptake in 
the muscle leading to more glucose in the blood which increases the risk of Type II 
diabetes.
2.1 Research sarcopenia (heading 2 IntechOpen)
Sarcopenia is a critical concern not just because of the loss of muscle and its 
ability to fight disease and infection, but because the individual is at greater risk 
for slips, falls and injury [4, 11–16]. If not remedied, the loss of muscle can lead to a 
frail state which can be fatal [4]. Every day functionality and daily activities become 
more difficult to perform with the loss of muscle. Muscle protein breaks down 
and rebuilds daily. Sarcopenia can start as early age of 25 and accelerates after age 
60 years and sometimes sooner. The inability to rebuild muscle protein as the body 
ages contributes to sarcopenia. It should be noted that as the body loses muscle, the 
loss of muscle strength (dynapenia) occurs more rapidly. It also should be noted 
that obese individuals are at greater risk for sarcopenia.
2.2 Research inflammation (heading 4 IntechOpen)
Inflammation is associated with most chronic diseases [8, 9, 17]. There is 
compelling evidence that shows physical activity to include strength training offers 
a defense to chronic diseases. David Nieman discussed the link between physical 
activity and the body’s immune system [9]. While there is compelling evidence 
to suggest that physical exercise will enhance the body’s immune system, there is 
also evidence that suggests lengthy, intense workout sessions might be harmful to 
the body’s immune system. Nieman suggests physical activity workouts should be 
no more than 60-minutes at a moderate-vigorous intensity to safely enhance the 
immune system [9].
2.3 Research cancer (heading 2 IntechOpen)
One area of research that has increased dramatically focuses on muscle mass and 
strength related to cancer treatment and prevention [18–28]. Caan and associates in 
2018 showed that women with non-metastatic breast cancer had 41% better chance 
of surviving with a healthier muscle mass compared to sarcopenic non-metastatic 
breast cancer patients [18]. The American College of Sports Medicine (ACSM) has 
published research showing the impact physical activity has in lowering the risk of 
at least 7 different cancers and increasing survivability [22–24, 26, 27]. ACSM rec-
ommends a variety of physical activities to include resistance training (strength), 
aerobic and balance with options for light, moderate or vigorous intensity. The 
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ACSM and the National Academy of Sports Medicine certify health and exercise 
professionals to work directly with cancer patients to improve their strength and 
muscle mass.
2.4 Research mortality (heading 2 IntechOpen)
There is evidence demonstrating muscular strength as a predictor of mortality 
in a healthy population [29–34]. A meta-analysis by Garcia-Hermosa and colleagues 
show that individuals with good upper body and lower body strength have lower risk 
of mortality regardless of age [29]. ACSM has published numerous research studies 
demonstrating the effectiveness of resistance training on health for individuals 
from 15 to 90 plus years old [22–24, 26, 27]. Moberg recently published data about 
the significance of a “muscle memory” found in each myonucleous [30]. This study 
focused on how much impact does resistance training when done earlier in life has 
on muscle later in life. It appears that if resistance training was done earlier in life 
that your muscle will retrain faster in terms of regaining strength compared to if you 
are just beginning. The research is new and so there are many unanswered questions 
such as how much faster will strength return, will it return to previous strength 
levels and how long does the “muscle memory” retain previous strength levels? But 
the research also shows that it is never too late in life to reap the benefits of resistance 
training. Research shows the human body is able increase strength levels at any 
age – even those individuals in their 80’s and 90’s [22–24, 26, 27]. This is extremely 
important in preventing sarcopenia which can lead to frailty as well as cachexia 
which occurs with some diseases such as cancer [4, 28].
2.5 Research industrial worker (heading 2 IntechOpen)
Despite the incredible abundance of research showing how a healthy muscle 
mass leads to a healthier lifestyle, the worker today in general is weaker and heavier 
than the worker 25 years ago. One reason for this is that physical demands of 
many jobs have been decreased due to robots and other ergonomic assists [35, 36]. 
Automation is good, especially in industry. It contributes to a safer workplace. But 
automation greatly diminishes the physical demands of the job which has impacted 
the overall health of the industrial worker.
Since 1960, the percentage of moderate intensity physically demanding jobs 
in the United States has decreased from about 50% to 20% in 2010, but the light 
intensity jobs have increased from 38% to about 55% [35]. Sedentary jobs increased 
as well from 15–22%. Most of these changes took place because of automation. This 
means the amount of physical work done by today’s worker has greatly diminished.
Unfortunately, the less physically active the worker becomes, the greater the 
risk for injury and certain diseases. Some of this increased risk occurs because 
of an increase in body weight (fat weight) tied to the loss of muscle mass and 
strength.
3. IPCS (heading 3 IntechOpen)
Industrial Physical Capability Services, Inc. (dba IPCS) performs muscular 
strength assessments for industry in the United States using isokinetic equipment 
for shoulder and knee flexion and extension at 60 degrees per second [37, 38]. 
Between 2005 and 2019, 406,731 strength tests were completed (327,913 males and 
78,818 females). To compare changes in muscular strength, an analysis was made 
comparing the year 2005 to 2019 (a 15-year span).
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Descriptive data for males and females (Means ± SD)
Female Male
2005 2019 Kolmogorov–Smirnov Test 2005 2019 Kolmogorov–Smirnov Test
Age (yrs) 34.1 ± 10.34 33.8 ± 11.72 >.001 34.0 ± 10.34 34.1 ± 11.63 >.001
Height (in) 64.8 ± 2.94 64.3 ± 64.34 <.001 70.3 ± 2.99 71.0 ± 3.03 <.001
Weight (lbs) 167.8 ± 41.48 177.3 ± 47.92 <.001 205 ± 44.01 207.6 ± 49.50 <.001
BMI 28.1 ± 6.65 30.1 ± 7.59 <.001 29.1 ± 5.66 29.8 ± 6.57 <.001
Sample Size 2637 6701 23,274 13,219
Table 1. 
Physical characteristics and sample size (mean ± SD).
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Knee and shoulder strength measures for males and females (Means ± SD)
Female Male
Absolute Strength 2005 2019 Kolmogorov–Smirnov Test 2005 2019 Kolmogorov–Smirnov Test
Shoulder (ft. pds) 102 ± 26.32 90 ± 25.74 <.001 189 ± 43.26 170 ± 43.27 <.001
Knee (ft. pds) 246 ± 81.76 235 ± 76.50 <.001 388 ± 89.23 347 ± 91.69 <.001
Table 2. 
Absolute strength measures for the knee and shoulders (means ± SD).
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Table 1 shows the physical characteristics of those new hire industrial appli-
cants tested in 2005 compared to 2019 based on gender. Due to unequal sample 
sizes and unequal variances, the Kolmogorov–Smirnov Test was used to test for 
significance within gender between 2005 and 2019. There was no significant 
difference for age (>.001) within gender between 2005 and 2019. Height, weight 
and BMI was significantly different within gender between the two time periods. 
The female body weight increased most between 2005 and 2019 (+9.5 pounds). 
The BMI increased for both genders.
Changes in the absolute strength of the shoulder and knee flexors and extensors 
of the worker by age group between 2005 and 2019 is shown in Table 2. The absolute 
shoulder strength and knee strength decreased significantly (<.001) between 2005 
and 2019 for males and females.
Figure 1. 
Changes in absolute shoulder strength (ft. pds.) of the worker by age group.
Figure 2. 
Changes in absolute knee strength (ft. pds.) of the worker by age group.
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Changes in the absolute strength of the shoulder and knee flexors and extensors 
of the worker by age group between 2005 and 2019 are shown in Figures 1 and 2, 
respectively.
Figure 1 shows for each age group that the shoulder strength is anywhere from 
14.5% to 18.9% weaker in 2019 compared to 2005.
Figure 2 shows for each age group the absolute knee strength is anywhere from 
18.2% to 22.2% weaker in 2019 compared to 2005. Both Figures 1 and 2 show 
substantial difference in the strength of the worker between 2005 and 2019. Figure 3 
shows the differences between years by age groups as a percent change.
The first three figures show the absolute shoulder and knee strength has 
decreased on average by 18% across all age groups between 2005 and 2019. The 
figures also show after the 40–49 age group there is a rapid decrease in absolute 
Figure 3. 
Percent deficit in shoulder and knee strength between 2005 and 2019.
Figure 4. 
Percent changes in number of Workers for each BMI category.
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strength which supports the concept of loss of muscle mass and strength with aging 
along with an increase in sedentary lifestyles. Interestingly, the youngest age group 
(20–29) had the greatest deficit for the shoulder and knee strength when compared 
to the three age groups between 30 and 59. This is a reflection on the sedentary 
lifestyles found in children and youth which then carries over into industry.
During the IPCS testing process, height (in) and weight (pds) are measured. 
For research purposes IPCS calculates Body Mass Index (BMI) to monitor trends in 
obesity within the workplace. Figure 4 compares the changes in the percent number 
of workers in each BMI category from 2005 to 2019. IPCS looks at changes in BMI 
for the category 50 or more or extreme morbid obesity. When comparing 2005 to 
2019, the overweight category (BMI 25–30) decreased from 38–32% whereas the 
BMI categories equal to severe obesity (BMI 35 or more) and greater increased from 
13.6% to 20.7% which represents a 52.2% increase. It is these higher BMI categories 
associated with an increase in certain diseases such as Type II diabetes, hypertension 
and cardiovascular disease. Further, work by Ostebye in 2007 has shown that those 
workers with a BMI of 35 or more have 2 times the number of soft tissue injuries,  
7 times the workers’ compensation costs and 13 times more lost work days [39].
4. Research study Cleveland clinic (heading 4 Intech)
IPCS has been involved providing a comprehensive strength screening evaluation 
for the new hires for the Cleveland Clinic since January 2011 [40]. This has resulted 
in the collection of new hire data related to strength and medical claims which have 
been studied from 2011 through 2017.
4.1 Research study design (heading 4 IntechOpen)
This quasi-experimental, non-randomized study was conducted at Cleveland 
Clinic in northeast Ohio. It was designed to assess the impact of a strength screening 
assessment for nurses used at the time of hire, and compare the difference in health 
plan costs to newly employed nurses who did not receive the strength screening. 
Participants were identified from the applicant pool as part of the new hire process 
from January 2008 through December 2017. Applicants were either registered nurses, 
licensed vocational nurses, licensed practical nurses, or patient care nursing assis-
tants applying for a nursing position in any unit of the hospital. The interviewing 
process for potential candidates consisted of an online application, followed by a 
phone interview and then an in-person interview if warranted. Nurses that passed 
these initial requirements for selection were then scheduled for a physical exam and 
a drug screen. A strength assessment screening was added to the existing hiring 
protocol as the last segment of the interview process for nurses hired from January 
2011 through December 2017.
Nurses hired in January 2008 through December 2010, prior to the strength 
assessment screening implementation, served as a Historical Comparison Group. 
There were no significant environmental or business practice changes observed 
during this time period from January 2008 through December 2017, and health 
plan coverage did not change across the two time frames. The only difference in 
the selection process in 2011–2017 compared to 2008–2010 was the addition of 
the physical capability evaluation (PCE™). The project was overseen by hospital 
administrators, and conducted based on quality improvement protocols. Given 
that this was a retrospective analysis of a hiring practice policy, and not a formal 
research study, Institutional Review Board approval or research consent was not 
required.
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The strength screening was conducted through an objective physical capability 
evaluation (PCE™). The PCE is designed to measure the applicant’s isokinetic force 
generating capability (strength) of muscle groups based on the outcomes of a defen-
sible job task analysis (JTA) [37]. The JTA was conducted according to guidelines of 
the Americans with Disabilities Act of 1990 (ADA) to determine the skills necessary 
to safely and effectively perform the essential functions associated with the nursing 
duties (e.g., lifting, carrying, bending, stooping, climbing, etc.). These validation 
studies were used to identify appropriate cut-off scores using the U.S. Department 
of Labor strength definitions for medium, heavy and very heavy job tasks [41]. It 
was determined that the “target score” for the nursing job category would be set at 
the medium strength level. The results of the JTA indicated that movement patterns 
of the major muscle groups involved with shoulder flexion and extension and knee 
flexion and extension were critical to safely performing the essential functions of 
the nursing jobs.
The PCE testing was conducted in the Occupational Medicine department, in 
a controlled environment using isokinetic equipment and a standardized testing 
process (tested at 60 degrees per second, two sets of five repetitions flexion and 
extension for knees and shoulders) administered by trained professionals [38]. To 
improve reliability of the measure, health system physical therapists and athletic 
instructors were trained and observed for proper technique administering the PCE, 
verifying that they completed the evaluation correctly. PCE results were collected 
at the time of conducting the assessment, and submitted to a centralized database 
for data interpretation. These objective evaluations were then interpreted by IPCS 
(a third party company). The interpretation included isokinetic measurements 
through:
1. a force curve analysis in which the applicant’s force curves generated were 
compared to an unmatched normative force curve derived from nearly 
500,000 normative curves in the existing database;
2. a body muscle symmetry analysis which involved comparing the applicant’s 
right and left shoulder and knee scores, agonist to antagonist muscle groups 
and upper and lower body scores to a normative database consisting of more 
than 500,000 normative symmetry scores;
3. assessing the applicant’s strength to body weight ratio score.
The screening took approximately 30 minutes to complete per applicant.
PCE data were analyzed based on proprietary algorithms, and scores were 
electronically returned to Human Resources through summary reports [37]. An 
applicant was recommended for hire if the PCE strength screening score was equal 
to or greater than the “target score”.
4.2 Research study data sources and analysis (heading 4 IntechOpen)
Medical claims cost data for the first 12-months of employment were obtained 
for each annual cohort from the employer-sponsored health plan. The analyses 
include data for all newly hired nurses that have 12-months of continuous enroll-
ment in the employer-sponsored health plan after their hire date.
Total annual and per employee per month (PEPM) paid medical costs were 
calculated for nurses hired in each of the three years prior to initiation of the 
PCE (2008–2010), as well as for nurses hired after the PCE program was initiated 
(2011–2017).
Occupational Health
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4.3 Research study results (heading 4 IntechOpen)
Of the 16,113 nurses who were included in this study, 85% were females and 15% 
were males. There were no refusals to take the physical capability screening.
Table 3 shows the number of eligible nurses hired in each group. There were 
2481 eligible nurses hired in 2008–2010 in the Historical Comparison Group, and 
13,632 eligible nurses in the PCE Group. The total member months for the Historical 
Comparison Group was 15,788 months, and for the PCE™ Group the total was 
34,102 as shown in Table 3.
Figure 5 shows what percent of the new hires had medical claims for each group. 
The Historical group had significantly higher percentage of claims for those hired 
(57.4%) compared to those hired in the PCE group (28.4%).
As shown in Table 4, the difference for Average Medical Paid and the PEPM 
between the Historical Comparison Group and the PCE™ Group is $882 and $77.07, 
respectively. Due to unequal sample sizes and unequal variances, the Kolmogorov–
Smirnov Test was used to test for significance between the Historical Comparison 
Group and the PCE Group.
The costs to implement the PCE™ program for 2011–2017 were $1,192,672. To 
calculate the savings for medical claim costs, the average claim cost for Historical 
group was multiplied by the number of new hires for the PCE group (13,632) times 
the percentage of new hire applicants that had a claim for the Historical group 
(57.4%) which is $22,519,682 (Table 5). The actual medical claim cost for the PCE 
group was $7,722,524. The combination of a smaller percentage of claims for the 
PCE group along with the lower average medical claim cost resulted in $14,797,158 
Historical group PCE group
Number Hired 2481 13,632
Number Medical Claims 1425 3869
Number Member Months 15,788 34,102
Table 3. 
The number of new hires, medical claims and member months for each group.
Figure 5. 
Percentage of claims for each group based on number of new hires.
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in savings between 2011 and 2017 (Table 5). The return on investment for the 
program was $12.41.
The combination of increased fat weight and loss of muscular strength results in a 
substantial decrease in the worker’s strength to body weight ratio (SBW). (A worker’s 
strength should be proportionate to his/her body weight.) It is clear that workers 
with a healthy strength to body weight ratio perform better, are safer and have fewer 
employee health claim costs. An analysis of the Cleveland Clinic SBW data shows that 
those nurses with the lower SBW scores (1st Quartile) medical costs were about 42% 
more compared to those nurses with a higher SBW score (4th Quartile) as shown in 
Figure 6. A non-parametric test computed the statistical differences between the 
four quartiles. A Kolmogorov–Smirnov Test was used to test for significance between 
the first and fourth quartile which was significant at the .001 level (Figure 6).
Those individuals in the lower quartile have either weak absolute strength and/or 
excess body weight compared to those who are in the upper quartile who have good 
Average Medical Claim Cost 
Mean ± SD
Per Empl Per Month  
Mean ± SD
Kolmogorov–
Smirnov Test
Historical 
Group
$2878 ± 6930.73 $239.80 ± 577.49 <.001
PCE Group $1996 ± 4836.42 $165.73 ± 399.53 <.001
Table 4. 
Comparing average medical claim and PEPM costs between historical and PCE groups (means ± SD).
Total Medical Costs
No PCE $22,519,682
W/PCE $7,722,524
Savings $14,797,158
Table 5. 
Total savings resulting from the PCE program.
Figure 6. 
Comparing medical claim costs for nurses based on quartile measures.
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absolute strength and a health body weight. The SBW is a good measure and predictor 
of health and injury risk. The SBW also shows the importance of maintain a healthy 
muscle mass and healthy body weight throughout life.
4.4 Research study conclusions (heading 4 IntechOpen)
The Cleveland Clinic study shows that it is possible to design a defensible 
strength test to be used in the selection process for physically demanding nursing 
jobs. This study shows the importance of physical strength specifically in the nursing 
profession. When a nurse’s physical capability is correctly matched to the physical 
demands of the job, a nurse can better meet the essential functions of the job and 
better serve patients. Also, the analysis of this study shows it is possible to hire 
through a work justified strength screening program a healthier worker who will 
have lower paid average medical and per employee per month costs in the first year 
of benefit eligibility. The results of this study support the premise that strength is a 
new vital sign of workplace health.
5. Conclusions
As automation continues to improve in the workplace and with fewer physi-
cally demanding jobs, the industrial worker will need to rely on means other than 
work to maintain a healthy and strong muscle mass. Without a resistance training 
intervention, the worker will continue to become weaker and heavier putting the 
worker at greater risk for injury and disease. This will lead to greater costs and 
absenteeism. How much of a responsibility will the employer have in providing 
such intervention programs remains to be seen. The intervention could be in short 
durations (10 minutes) several times a day at the workplace or providing some 
incentive to reimburse memberships at fitness centers. This is nothing new and 
it has not been very successful in the past. But making muscle health tied into a 
health/benefit deductible plan could improve participation rates in resistance 
training programs.
The research is now clear that muscle strength is the new vital sign of the 
worker’s physical health. Musculo-skeletal health of the worker can be improved. 
When a worker maintains good muscular strength, the worker is more productive 
and has fewer medical claims.
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